The lack of standardised symbology on emergency maps hinders information sharing during crucial emergency situations by emergency managers and people responding to disasters. The development of a standard symbology for emergency and hazard maps will strengthen coordination and communication between planners and will enhance the ability of emergency managers to better understand information at a glance during crucial decision making moments. This research analysed existing emergency map symbology found in various forms, including software packages, and proposes a theoretical framework for the design of emergency mapping symbology. There has been a burgeoning use of electronic emergency management tools at all levels of government, enough to indicate that emergency management is on the cusp of an explosion of electronic map making. This is an appropriate time for guidelines and standards for hazard and emergency maps to be created.
Background
As humans occupy more space on Earth, the burden of mortality and property losses from natural and technological hazards has increased. Maps for hazard management, especially emergency maps, are being produced and published by various federal, state and local agencies, institutions and the private sector. For less costly and more effective response to extreme events, our use of information before, during and after disasters must be enhanced. Hazard management maps provide a unique organisation of vital information for hazard identification, risk estimation and allocation of resources. They are a major support for emergency managers at all stages of a disaster. Within the Federal Emergency Management Agency, responsible for response to disasters, a Rapid Assessment Work Group [1] has developed comprehensive event-specific Information Collection Plans. These plans provide detailed information about each type of emergency event, for example, hurricanes or floods. Maps for pre-event planning and post-event mitigation and recovery efforts are essential in these plans. However, emergency maps go beyond planning maps to include crisis maps, which are peculiar because they are often generated during an event and need to be interpreted quickly under pressure. Investigation of the use of maps produced by geographic information systems (GIS), after Hurricane Andrew in 1992 and Hurricane Fran in 1996, revealed the lack of guidelines and standards for production of emergency maps as a crucial shortfall when it came to data sharing [2, 3] . This problem was illuminated again in the wake of the 9/11/2001event in New York, when many different agencies made crisis maps of changing conditions and, in the process, created their own symbology to convey critical information to emergency managers. The exchange and quick interpretation of vital information was made difficult by the lack of a common symbology. The need for research into symbology for emergency maps was highlighted.
Missing ingredient for emergency mapping
When it comes to spatial information that is needed during a disaster, there is currently no consistent national or international set of map symbols available for the development of hazard and emergency management maps [4] . In order to facilitate the exchange of information and data, to promote universal understanding of hazardous and vulnerable locations and to adequately address the communication of mission critical information across agencies, jurisdictions and all levels of the public and private sectors, a set of standard cartographic symbols needs to be developed and endorsed by the Federal Geographic Data Committee (FGDC) in the USA, and also by the international community. The development of standard symbology for hazard mapping will strengthen coordination and communication between planners and will enhance the ability of emergency managers to better understand information at a glance during crucial decision making moments [5, 6] .
What is a symbol?
Webster defines symbols as: 1 something used for or regarded as representing something else: a material object representing something, often something immaterial; emblem, token, or sign.
2 as a letter, figure, or other character or mark or a combination of letters or the like used to represent something" [7, 8] .
In contrast, the Oxford Dictionary defines symbols as an object used to represent something abstract, a mark, letter, etc. standing for a quality, process, etc., as in music or chemistry. Synonyms: representative, token, figure, sign [9] . In mapping there are generally two classes of symbols used: replicative or abstract.
Replicative symbols are those that are designed to replicate or look like the feature they represent. These symbols do not need to have any direct connection to what they identify, but they may be representational, such as an airplane to designate airports or trees to symbolise forest. In hazard mapping of a severe weather area, we may see the outline of a tornado that replicates the cloud pattern seen when a tornado has formed.
Abstract symbols generally take the form of a geometric shape [10] [11] [12] . This type of symbol has no relationship to the form of the object it symbolises. When we consider the dictionary definitions for symbols, a hospital can be drawn on a map as a letter 'H', as a figure representing the building, or perhaps as a circle or box with or without an H inside.
Research approach and methodology
The purpose of this research project was to conduct a preliminary investigation into emergency mapping symbology, in order to identify and analyse what symbology was currently being used by various agencies and institutions and where these agencies get there symbology from.
The first step in this study required the identification of existing emergency and hazard mapping symbols. International organisations, federal, state and local agencies, including emergency managers and software companies, were contacted. As a follow-up, inputs were solicited from a large number of agencies and institutions, by e-mail and in person, because a general search of the web revealed that there was very little information available concerning hazard or emergency symbology.
The second step included the development of a matrix to:
1 identify the hazards and emergency information for which symbology was used 2 to identify the agencies that currently use hazard and emergency symbology 3 to identify hazard mapping symbols embedded in commercial software.
This information was compared to identify how many repetitive symbols are currently in use.
Results from search for symbols
Hazard and emergency symbology information was not readily available. It required a considerable amount of searching, since information was hidden on web pages and maps. The traditional thrust of focusing on one specific disaster remained deeply ingrained in the information found and received. Separate information on earthquakes, hurricanes or tornadoes was readily available, but the symbols depicting these events were found in all kinds of styles and formats.
Most symbols used were already available in GIS or graphic software that was used by agencies or institutions. In terms of electronic map production, most organisations used ESRI software, followed by CAMEO and MapInfo. Others used Micro Station and other software not as well known. Some programmed their own software.
Because of the technological constraints that resulted from scale reduction and electronic transmission, most symbols had to be redrawn making it difficult for managers to use these symbols directly. Some agencies created lists of symbols that were repetitively used in their office. Others design new symbols for each new map produced.
Symbols were often changed when new people were hired into GIS mapping positions. On most emergency maps, symbols were applied when needed or during an event.
Some managers expressed frustration about symbology and hoped that, in the USA, the Federal Emergency Management Agency (FEMA) would take the lead in providing standard symbology that could be used in their local offices. Many looked for infrastructure symbology.
Development of a matrix
First, a master list of sources where symbols could be found was generated, as listed in Figure 1 . The second step was to list the hazard and emergency features found in this source list. The symbols were added to a matrix that included the following listings: 
Matrix findings
As the matrix indicates, GIS symbology schemes developed and used by international organisations, individual, federal, state, local and private agencies or businesses are numerous and diversified and often tailored to specific hazard and emergency applications. However, there are currently no standards and guidelines to indicate what symbol is appropriate to present a given feature. The matrix highlights the problem. For example 'medical facilities' were represented by 44 different symbols, as shown in Figure 2 , and 'food distribution centres' were depicted by 40 different symbols. The rapid growth and acceptance of GIS systems and data to manage disasters and local emergency response, coupled with the wide array of symbology choices within GIS packages, has contributed to differing interpretations of the appropriate symbology to use for such maps.
Figure 2 Medical facility
The matrix was the result of 12 months of research. Clearly, emergency managers with limited time during a disaster cannot afford the time and may not have the skill to research what emergency symbology is valid for a specific application. W. G. Green [12] points out: "If scholars with time to review information, find this frustrating (validating sources), the decision maker forced to make decisions in minutes rather than hours or days can be excused for wondering who or what to trust." The hazard and emergency management community has been lamenting the lack of such a set of symbols for some time. The rapid growth and acceptance of GIS systems and data to manage disasters and local emergency responses, coupled with the wide array of symbology choices within GIS packages, has contributed to differing interpretations of the appropriate symbology to use for such maps. In order to achieve the ultimate level of communication during a crisis, symbols need to be standardised to serve as an effective sign language on maps and graphics.
A theoretical framework for designing emergency mapping symbols
The use of geographic information systems (GIS) was studied after Hurricane Andrew. Two questions focused the research:
1 how were maps used by emergency personnel and by the public?
2 what kinds of maps were needed during and after the disaster?
Interviews were conducted with emergency personnel in the Hurricane Andrew Disaster Field Office. Results revealed that, map resources were initially scarce and the lack of maps caused problems. However, after the first week, a private firm, Digital Matrix Services, provided much needed mapping and data sources. The data types and map sources are listed in 'Modern technology in human response to disasters' [2] . These listings and N.L. Winter's Hazard Management Mapping Model [13] were applied to develop the framework for emergency mapping symbology dividing the georeferenced data files into four mapping genre: planning maps for preparedness; crisis maps for the immediate response; intermediate emergency response maps leading to the recovery period; time series maps for long-term recovery (see Figure 3 ). Each map category has a listing of features that can be found on these maps. These features require recognisable symbology. The symbols should be of simple design. Each symbol should, if possible, have a close relationship to the feature it portrays. In order to avoid confusion, only one symbol should be used for each feature. Emergency symbols should be easily perceived in terms of size, colour or background. The symbols should have a precise meaning without needing explanation. This is especially crucial when data is exchanged with the international community. Since a significant number of the members of any given population, especially men, have some sort of colour deficiency, this should be considered when colours are applied [14, 15] . On the other hand, some symbols, such as the Red Cross, are easily recognisable because they stem from conventions that have been used in the past and should be continued. When designing symbols one has to be sensitive to the cultural identities of symbols and how scale may or not impact on the visual perception of them. Emergency maps are also used in communications with the public. Emergency mapping symbology needs to become available so it gains widespread recognition. It is important that the media picks up the symbology and that the public becomes familiar with it as well.
Figure 3
Framework for emergency mapping symbology
Conclusion
Maps are one of the most important management tools in a disaster situation. With the advent of computer mapping packages and geographic information systems (GIS) they have become part and parcel of electronic emergency management or e-emergency management.
Green [12] defines e-emergency management as:
"a system of computer based tools and communications architectures managed by trained personnel using standard plans and procedures to communicate and manipulate data for public information, program management, operational decision making, and policy establishment to protect communities from the effects of disasters."
However, he also reveals that it wasn't until 1995 that the Federal Emergency Management Agency listed computers on a supply list for their field-delivery training course EOC'S Management and Operations, and referred to the need for a system administrator for disaster computer operations. Since then, there has been a burgeoning use of electronic emergency management tools at all levels of government, enough to indicate that emergency management is on the cusp of an explosion of electronic map making. The ability to rapidly identify, exchange and portray hazard and emergency management information can result in the reduction of both property damage and loss of life. This is an appropriate time for guidelines and standards for hazard management maps to be created.
Through map symbols, emergency managers, firemen, policemen and citizens understand and communicate about necessary information for responding to a disaster situation. In order to effectively understand the situation at hand, emergency managers have to be able to expeditiously extract information from the maps they are using. This requires them to know the symbols represented on maps used during emergencies. Developing common symbols and content for emergency managers is a crucial and necessary undertaking. The US Homeland Security Working Group, under the auspices of the Federal Geographic Data Committee (FGDC), has the scope and appropriate goals to lead this endeavour.
